Formation of unesterified choline by rat brain.
Two preparations of rat brain (ischemic intact brain and homogenized whole brain) formed large amounts of unesterified (free) choline when incubated at 37 degrees C. The accumulation of choline was inhibited by microwave irradiation of brain, or by heating of brain to 50 degrees C, and was maximal at 37 degrees C at pH 7.4-8.5. Choline formation was only observed in subcellular fractions of brain that contained membranes. In homogenates of brain, choline accumulated at a rate exceeding 10 nmol/mg protein per h. There was a significant decrease in brain phosphatidylcholine concentration (of 50 nmol/mg protein) during incubation for 1 h at 37 degrees C. Concentrations of phosphocholine rose (by 2.3 nmol/mg protein), and concentrations of glycerophosphocholine and sphingomyelin did not change during this period. We used radiolabeled phospholipids to trace the fate of phosphatidylcholine and sphingomyelin during incubations of homogenates of brain. Phosphatidylcholine was degraded to form phosphocholine, glycerophosphocholine and free choline. No lysophosphatidylcholine accumulated. Sphingomyelin was degraded to form phosphocholine and a small amount of free choline. Magnesium ions stimulated choline production, while zinc ions were a potent inhibitor. Other divalent cations (calcium, manganese) had little effect on choline accumulation. ATP concentrations in brain homogenates were less than 5 nmol/mg protein (rapidly microwaved brain contained 27 nmol/mg protein). Addition of ATP or ADP to brain homogenates increased ATP concentrations and significantly inhibited choline accumulation. ATP diminished the formation of choline from added phosphatidylcholine, lysophosphatidylcholine, phosphocholine and glycerophosphocholine. The effects of ATP, zinc ion, or magnesium ion upon choline accumulation were not mediated by changes in the rates of utilization of choline for formation of phosphocholine or phosphatidylcholine. In summary, we showed that there was enhanced formation of choline when ATP concentrations within brain were low. This choline was derived, in part, from the degradation of phosphatidylcholine, and we suggest that phospholipase A activity was the primary initiator of choline release from this phospholipid.